Abstract. This paper mainly expounds the current development of the shaft spillway at home and abroad and focuses on a new type of shaft spillway in Russia which is named polygonal shaft spillway because of its polygonal water funnel. This kind of spillway can greatly improve the discharge capacity of the shaft spillway. Meanwhile, it is easy to construct and is of low engineering cost and high durability.
In recent years, the shaft spiral-flow spillway has appeared with the continuous renewal of the design and development of the construction technology. It makes up for the deficiencies of the shaft spillway before. This type of spillway consists of the water inlet, diversion channel, swirler, vortex chamber, conical section and shaft section (including baffle wells, the linkage between the shaft and the original diversion tunnel and diversion tunnel section). Each part has its own development process.
The status in quo of the research on the water inlet's structural form of the shaft spiral-flow spillway: the water inlet is the key to control the flow of the shaft spiral-flow spillway. Its form not only has a great influence on the water discharge, but also affects the following flow regime and pressure distribution of whole project. Therefore, the shape design of the water inlet should be based on hydraulic analysis. And it is also necessary to carefully weigh the pros and cons. Water inlet can be divided into weir inlet with non-pressure weir flow inlet which is widely used in the traditional shaft spillway and short inlet with pressure. Because of the small water head and the flow of the upper reach of the traditional shaft spillway and the low flow velocity, there is little loss of water head and cavitation can be avoided effectively. So this kind of inlet is feasible to use. But nowadays, the water head of the upper reach of the shaft spiral-flow spillway, the flow and flow velocity have increased. So the positive pressure can be formed on the overflow surface of the water inlet when the flood is eliminated in order to avoid cavitation as much as possible. Meanwhile, the intensity of pressure should be changed slowly to control the loss of water head. At the same time, try to decrease the size of the inlet section, which is beneficial to the opening and closing of the gate. Moreover, choose short inlet with low pressure. Professor Xing-lin Dong [1] has detailed theoretical research on this subject.
The status in quo of the research on the body type of the diversion channel of the shaft spiral-flow spillway: the connection between diversion channel and water inlet is the changeover portion between the water inlet and vortex chamber. It can be divided into diversion channel with non-pressure open channel flow and diversion channel with pressure. The width of the channel is the same as that of the radial gate of the inlet, and the connection between vortex chamber and the bottom is shrinking. If the low slope of the diversion channel is generally slow when the diversion channel is connected with the vortex chamber, it can be suitable for the flow to pass through. In 1984, Jain [2] proposed a new type of vortex well whose derivation channel and was directly tangent to the shaft, which was suitable for the slow flow to pass through. Later, a new type of vortex well whose steep diversion channel was tangent to the shaft which was suitable for the steep slope was proposed by Xing-lin Dong et al. The fracture surface of the vortex well is smaller than that of the vortex chamber and the amount of excavation is also smaller. However, the construction of the steep slope of the diversion channel is difficult while the bottom slop of the water inlet of the vortex chamber is slow which is convenient for construction. And a larger vortex chamber is needed at the upper part of the vortex well. Both have pros and cons, so the suitable body type should not only be based on the working water head of water inlet, topography and geological conditions and the construction ability, but also the engineering cost.
The status in quo of the research on the body type of the vortex chamber of the shaft spillway: the vortex chamber is the part where the water flow rotates which plays an important role in the flow regime in the vortex chamber and the flow conditions later. It can be said that the design of the body type of the vortex chamber directly determines whether the entire shaft can be applied to engineering. At the same time, it also controls the operating conditions. In the early 1960s, Italy and France had done a lot of research on the volute-shaped vortex chamber of the water turbine. In 1970s, scholars of the former Soviet Union continued the research. At that time, the vortex chamber was large and complex which was made up of four tangent arcs. It was only used as the head race to slow flow and was applied to some engineering of small scale with little discharge, such as Italy's Monte Arkin, Nanicu, KeBans [5] . Until the 1990s, the Swiss H.W. Hagger [3] carried on further research on the body type of the vortex chamber and proposed a type suitable for the supercritical flow.
Domestic scholars have made further research on the body type of the vortex chamber of the shaft spillway in recent years and put forward a simple kind of type suitable for supercritical flow based on lots of experimental study. In 1994, Dalian University of Technology adopted the four-circular-arc vortex chamber with a conical section and an orifice plate in the horizontal section; in 1996, Beijing Water Service & Technology Institute adopted the double-circular-arc vortex chamber and put water at the bottom of the shaft to raise the level; in 2014, Nanjing Water Service & Technology Institute studied the rotation mode of the unidirectional and bidirectional confluence flow; in 2015, the Scientific Research Institute of the Northwest Electric Power Design Institute studied the vertical rotation and horizontal rotation of the four-circular-arc vortex chamber. It is worth mentioning that the rotating flow in the vortex chamber can not only be vertical but also can rotate around any axis; the rotation can not only be unidirectional but also be bi-directional. As for the bi-directional one, it can be coaxial and off-axis. Meanwhile, it can rotate either in the same or opposite directions.
In addition, in order to more correspond with flow motion law and improve the ability of flood discharge and energy dissipation efficiency, a variety of improved structural types of the water inlet of the shaft spillway has been successively put forward, such as the step type, petal type and siphon type, etc. But these types are still not perfect yet in terms of the engineering design. Some have difficulty in construction while some cost too much. The new hydraulic structure of the polygonal shaft spillway in the latest research is trying to make up for all the deficiencies.
Generally, the annular funnel of the traditional shaft spillway is excavated on the bank or off the shore, which causes the water flows in a non-radiate way along the entire perimeter of the funnel, brings about the rotating flow, and greatly reduces the discharge capacity. In order to eliminate the rotating flow and ensure the water flows evenly into the funnel, a new kind of shaft spillway is recommended. The inside edge of its funnel and well barrel structure can reduce the rotational speed of water flow to a certain degree, improve the effect of energy dissipation, increase the discharge coefficient of the overflow weir, make up for the deficiencies of the traditional shaft spillway and improve the flood discharge capacity of this kind of shaft spillway. In addition, it is more convenient than the traditional one in construction [6] .
The preliminary study of this shaft spillway with polygon structure has been completed under the guidance of professor Rumi (deceased), Kozlov and Guliyev of the Russian National Agricultural University. Further study will be made in the hydraulics laboratory of the civil engineering experiment center in Shandong Jiaotong University, the scientific research and experimental base by the team made up of teachers in the Civil Engineering Department for the scientific research. The experimental water channel of the polygonal shaft spillway (Figure 2 ) and the physical model ( Figure 3 ) are shown as follows. 1 -water-supply pipe; 2 -hydrostatic fence; 3 -water entry; 4 -glass water channel; 5 -water level control device; 6 -measuring weir; 7 -triangle measuring weir; 8 -reflux reservoir; 9 -upper reach of the shaft spillway; 10 -shaft section; 11 -spillway tunnel; 12 -stilling pool; 13 -model parts of the watercourse; 14 -water level gauge of the upper reach; 15 -water level gauge of the measuring weir.
The water head of the water funnel ranges between 11 ~ 0.5 сm. When the hydraulic radius is equal to the value, Re in the model experiment can be figured out.
The water head of the model ranges between 11 ~ 0.5 сm. The hydraulic radius of the prototype ranges between 6.6~0.3 m. The hydraulic frictional resistance coefficient ranges between 0.0094~0.0264. The experimental value of the model is lower than the true value of the prototype to the safety of hydraulic calculation. 
Conclusion
Considering the relatively great difficulty in the construction of the traditional shaft spiral-flow spillway and the relatively low discharge capacity of the spillway because of the rotating flow easily made by the water flow in the water funnel, this research introduces the new polygonal shaft spillway. Thanks to the polygonal water funnel, the construction becomes more convenient. Meanwhile, the rotating flow has been avoided as much as possible which is helpful to improve the discharge capacity of the spillway, improve the efficiency rate and reduce the erosion of the downstream river channel. Once the new spillway passes the professional certification and is applied to the engineering practice, it can improve the ability of the high dam to fight against the flood peak and greatly reduce the engineering work and the budget cost, which will bring significant economic and social benefits.
